The Science of Love Oxytocin, also known as ''love hormone,'' is a mammalian neuropeptide acting primarily in the brain. The neuromodulatory effects of oxytocin play critical roles in a wide range of social, parental, and stress-related behaviors. More recently, deficiencies in oxytocin levels and mutations of the oxytocin receptor have also been associated with the etiology of autism. Recent studies highlighted in this Select provide new insights into oxytocin actions.
Let's Play!
Lifelong monogamous behavior observed in prairie voles has been attributed to the high expression level of oxytocin receptors (OTRs) in their nucleus accumbens (NAc), an important part of the brain's ''reward center.'' However, the driving force for more common group behaviors in most social animals remains elusive because OTRs have been considered absent in the NAc of these species. D€ olen et al. (2013) now reveal a neural circuit that makes social interactions rewarding and satisfying. In a standard conditioned place preference experiment, in which two identifiable rooms were conditioned with social and isolated settings, respectively, the authors found that mice prefer the room that reminded them of their social connection, and this social conditioning requires oxytocin in the NAc. Then they examined the cellular effects of oxytocin in this brain region and discovered a new form of presynaptic plasticity induced by activating OTRs. Functional mapping of OTR expression identified the dorsal raphe nucleus (DRN) as an important source of OTR containing presynaptic inputs in the NAc. Because, in the brain, the DRN is a major source of serotonin, which has also been implicated in social behaviors, it is possible that oxytocin affects social reward through serotonin. They showed that, indeed, the activation of OTR on the terminals of DRN projections within the NAc enhances serotonin release, which alters NAc activity and ultimately leads to rewarding feelings for social behaviors. These remarkable findings, demonstrating the requirement of the coordinated activity of oxytocin and serotonin in the reward associated with social interactions, not only provide a theoretical foundation for ongoing trials of oxytocin as a potential therapeutic intervention for autism but also open doors for new treatments for psychiatric disorders. D€ olen, G., et al. (2013) . Nature 501, 179-184.
Quelling Cacophony
Oxytocin stimulates inhibitory GABAergic interneurons in the hippocampus that, in turn, dampen the activity of the adjoining pyramidal cells. However, it remains unresolved how elevated inhibition accounts for oxytocin's ability to facilitate information transfer in the brain at the circuit level. Owen et al. (2013) demonstrate that oxytocin improves the performance of neural circuitry, boosting the signal-to-noise ratio by lowering spontaneous activity (noise) and enhancing the fidelity of stimulated impulse firing (signal). The CA1 region of the hippocampus receives input from the CA3 region, and this activation excites CA1 pyramidal cells and derives a slightly delayed inhibitory signal through interneurons. The fine-tuned balance of excitatory and inhibitory inputs determines the strength and timing of CA1 pyramidal cell activation. Using rat hippocampal slices, the authors first found that oxytocin increases overall inhibitory tone in the circuit, which accounts for muffling of the background noise. More importantly, they identified the fast-spiking inhibitory interneurons (FSIs) as the sole class of interneurons that responds to oxytocin. Furthermore, they showed that continually activating FSIs by oxytocin causes the GABA-releasing synapses of these cells to fatigue. When a stimulus arrives, the fatigued synapses of FSIs release less GABA, resulting in less inhibition of pyramidal cells. This removes a brake on the excitatory signal and allows responses to become stronger and more reliable. Therefore, this study has established a mechanism by which oxytocin improves the fidelity and temporal precision of information transfer through brain networks. Because this sharpening mechanism may go awry in conditions like autism, this study could also provide valuable insights into the circuit anomalies that may occur in autism. Owen, S.F., et al. (2013) . Nature 500, 458-462.
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Hippocampal fast-spiking interneurons stained with parvalbumin (green) that also express channelrhodopsin-2 (red), which allows for their selective activation. Image courtesy of R. Tsien.
